Organs of RIII mice at various physiological stages were tested for mouse mammary tumour virus (MMTV) antigen expression. Indirect immunofluorescence was used with three monospecific antisera to localize one envelope glycoprotein, gP47, and two core proteins, p28 and p8. These virus-specific antigens gave characteristic fluorescent patterns in the mammary tissues and were also detected in thymus and salivary gland sections of some mice. The amounts of antigens gP47 and p28 were measured by immunoassay in sera and organ extracts of corresponding samples of mice. Sera of mice of both sexes contained virus antigens from the suckling age onwards. Although ingested virus could be traced in suckling mice, weanlings were characterized by the absence of virus expression except in lymph nodes. This location points to the possible role of lymphoid tissue in producing the antigens of the blood and in disseminating the infection. In adult animals, virus antigens were present in salivary glands, digestive tract, lymph nodes, male genital organs and female mammary glands. Antigen expression, even found in the mammary glands of virgin mice, was strikingly increased by pregnancy, lactation and (or) ageing, the highest values being found in mammary tumours. The results for milk-borne MMTV infection in RIII mice are compared with those obtained previously in Swiss albino mice.
INTRODUCTION
RIII mice carry mouse mammary tumour virus (MMTV), both as genetically transmitted proviral sequences and as milk-transmitted virions (Michalides et al. I976; Staats, I976; Moore et aL 1979) . In this mouse strain, infection with milk-borne exogenous MMTV triggers a virus-host interaction characterized by a high incidence of mammary tumours early in life. Hormones, involved in mammary gland growth and differentiation, influence the virus production; the tumorigenesis of the mammary gland is sex-linked and promoted by forced breeding (Lasfargues & Feldman, 1963; Hilgers & Bentvelzen, 1978; McGrath & Jones, 1978) .
It was interesting to study the spread of the virus in the mouse, between ingestion of milk and virus release by the mammary gland, in an attempt to find some virus expression in other organs. In addition, such a study might reveal some differences between RIII mice and MMTV-infected Swiss albino mice, a strain that we have studied before and which displays a much lower mammary tumour incidence (Kozma et al. I979a; Osterrieth et al. :979)-oo22-1287/8o/o0oo-4236 $o2.oo © 198o SGM We therefore looked at mice of various ages and physiological conditions and searched for virus antigens by two specific methods. Firstly, gP47 glycoprotein and both p28 and p8 proteins were localized at the cellular level by indirect immunofluorescence staining of tissue sections. Antigen gp52, the main virus envelope component, is defined by us as gP47 (Calberg-Bacq et al. 1976; Moore et aL 1979) . Antigen p28 is the main virus core protein (Teramoto et al. I977 ) and antigen p8 is the lowest mol. wt. virus protein (Calberg-Bacq et al. 1976; Kozma et al. I979a) . Secondly, the amounts of the two major virus antigens gP47 and p28 were measured in organ extracts and sera. Antigen gP47 was detected by radioimmunoassay (Zangerle et al. 1977) and antigen p28 by enzyme-immunoassay (Dubucq et al. I98O) .
A preliminary report of this work has been presented (Kozma et al. I979b ).
METHODS
Animals. The RIII mice were raised in our laboratory from a litter kindly provided by Dr Rudali (Curie Foundation, Paris, France). Mice of various ages and of both sexes were submitted to analysis: suckling animals; 29 day-old weanlings; 3 and 6 month-old adult males; adult females, during their first pregnancy and lactation; 3 and 6 month-old virgins; and breeders 6 months old and over. Since adult RIII females, mated when 3 months old, became pregnant sometime during the next 15 days, the days of either pregnancy or lactation were taken into account instead of the exact age of the mouse. All breeder female mice, 18o clays old and over, bore tumours. A mammary tumour was also found in one pregnant female and one 6 month-ol d virgin mouse.
Immunofluorescence on tissue sections. Each organ was dissected, frozen and cut; very small ones (such as lymph nodes) were pooled for freeze-sectioning. Sections were fixed in acetone and stained by an indirect immunofluorescence technique using three monospecific antisera and fluorescein-conjugated sheep anti-rabbit IgG as previously described (Kozma et al. I979a ) . These three monospecific antisera (anti-gp47, anti-p28 and anti-pS) were raised in rabbits injected with antigens purified from milk-borne MMTV (Zangerle et al. 1977; Hendrick et aL 1978 ) . Anti-gp47, anti-p28 and anti-p8 antisera were used diluted respectively 8, 4o and 8 times in phosphate-buffered saline (PBS: o'I5 M-NaC1, o-o2 Mphosphate) after absorption by mammary gland powder from uninfected C57BL mice (Kozma et al. I979a) . Sections were examined with a Leitz microscope equipped with a high-pressure mercury lamp (HBO, zoo W) and used for incident-light fluorescence.
Immunoassays on organ extracts and sera. The selected organs from ten mice of the same age, sex and physiological status (five mice in the case of lactating females), were pooled for homogenization. Each turnout was processed separately. Protease inhibitors [5oo units/ml Trasylol, o'3 mg/ml phenylmethylsulphonyl fluoride (PMSF), 3 ° mM-EDTA, 2 mg/ml NAN3, final concentrations] were added immediately to each sample in order to protect the virus antigens during processing and storage (Osterrieth et al. I979) . Extraction was carried out with 3 M-KC1, as described by Zangerle et al. (I977) . Protein measurements were determined according to Lowry et al. (1951) . Sera obtained from blood, taken from the open heart, were used diluted 1:4 in PBS for immunoassays. Some blood clots were tested after KC1 extraction.
Enzyme-immunoassay. We used the two-step procedure of Dubucq et al. (I98o) . Polystyrene tubes (2174-o86 LKB, Bromma, Sweden) were activated for 2 h with I ml glutaraldehyde [I: IOOO (v/v) in 0"o5 M-NaHCO3] and washed three times with I ml PBS containing 5 ml/1 Tween 20 and 4 mg/ml ovalbumin. The tubes were coated for 24 h at 4 °C with I ml IgG (I2 ¢tg/ml), prepared from anti-p28 antiserum 3 (Hendrick et al. I978) , and washed. Samples (IOO/d in 900/A washing buffer) were incubated for 6 h with shaking. 
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After washing, the tubes were filled with glucose-oxidase-conjugated anti-p28 lgG (at a suitable dilution), shaken overnight and then washed. Enzymic activity was detected with i ml citrate phosphate buffer pH 5"5 (oq M) containing 5o/~g/ml fl-o-glucose, 3o/~g/ml horse-radish peroxidase (Grad II, Ioo units/rag; Boehringer, Mannheim, West Germany) and 75o/~g/ml ABTS (2,2'-azino-d-[3-ethylbenzthiazoline sulphonate (6)] crystallized diammonium salt; Boehringer). Absorbance was measured after 45 min at 4IO nm in an automatic 2o74 LKB absorptiometer.
Competition radioimmunoassay. The test was performed with iodinated purified gP47 and anti-crude virus antiserum 2, diluted I : 2oooo, as described earlier (Zangerle et al. I977) .
In both immunoassays, the incubation medium of the samples was supplemented with Trasylol and PMSF.
RESULTS

Immunofluorescent localization of three antigens
At each physiological stage, mammary gland, thymus, spleen, kidneys and anterior salivary gland were examined. Genital tracts of adult males were also tested. The three mammary tumours taken from breeder females were multiform adenocarcinoma of the B type following Dunn's classification 0959). They contained both solid cellular formations without apparent glandular structures and papillary ingrowths. The latter, in turn, sometimes contained cell cords organized in microalveoli showing secretory activity.
A given immunofluorescent staining was considered to be virus-specific if it was suppressed by absorption of the serum with purified virus, but not by absorption with C57BL mammary gland powder. None of the organs from young animals (IO and 29 days old) was found positive with any antiserum. However, spleen, lymph nodes and digestive tract showed a faint fluorescence; but these reactions could not be proven specific.
Antigen gP47
The fluorescence due to this antigen was always apical in the mammary secretory cells The reaction, first observed in the glands of 3 month-old virgin mice, involved all the cells of only a few alveoli. The number of stained alveoli increased with the mammary gland development during pregnancy and lactation ( Fig. 0 . Old females, either virgin or breeder, also showed this gP47 reaction. Although a very large number of alveoli were stained, some unstained alveoli were nevertheless observed in each section. The same border staining was found in tumours where some alveoli remained unstained.
Staining was found in very restricted areas of the salivary gland from one pregnant female ( Fig. 2a) and from one old male, but not in sections from two lactating females. Very few cells of some thymuses reacted with anti-gp47 antiserum. The specificity of the reaction, ascertained in one lactating mouse (Fig. 2b) , could not be proven in one pregnant female, one adult and one old male because of the scarcity of positive cells. Kidneys never reacted. Spleen displayed a faint fluorescence which could not be proven specific; this was also the case for epididymis and sperm ducts of adult mice. A very strong staining appeared in the material filling the lumen of genital organs where spermatozoa were recognizable; this staining, which was also displayed by control sections, might hide some specific staining.
Antigen p28
In mammary secretory cells, fluorescence due to this antigen appeared as large dots located in the cytoplasm between the nucleus and the secretory border or as a fluorescence of the entire cytoplasm (Fig. 3 ). Antigen p28 was detectable in very few mammary cells on sections from 3 month-old virgin mice. At first pregnancy, p28 expression became stronger: fluorescence appeared as dots surrounding the still narrow lumen of the alveoli. Alveoli stained for p28 were also stained for gP47 (as observed in serial sections). The same appearance was observed in both 6 month-old virgins and also in breeders. During lactation, the 'wide-open' alveoli showed in their cells either large fluorescent dots or diffuse cytoplasmic fluorescence or, in a few cases, an intermediate pattern of small dots dispersed in the apical part of the cells (Fig. 3 a,  b ). Serial sections of lactating m a m m a r y glands demonstrated that some alveoli expressing p28 as large dots were not stained with anti-gp47 antiserum. Alveoli from tumours were intensely stained by anti-p28 antiserum, but again, some alveoli remained unstained (Fig. 4) . For other organs, positive reactions for antigen p28 were found in organ sections which also reacted with anti-gp47 antiserum (Fig, 2 c) and in a thymus section from an adult male mouse. Kidneys did not react; spleens and genital tracts gave inconclusive results, as with gP47.
Antigen p8
In the mammary gland cells shown in Fig. 5~ the fluorescence for this antigen showed the same localization as that of antigen p28. However, in those cases where anti-p28 antiserum gave large fluorescent dots, the reaction of anti-p8 antiserum gave dots of smaller size. In other organs and in tumours, p8 localization also followed exactly that of p28. Tables I and 2 (a, b) summarize the data obtained with the organs which expressed p28 and gP47 most often during the mouse's life. Due to the very low protein content of ovaries, lymph nodes and bone marrow extracts, only relatively high concentrations of antigen were detectable. * Empty spaces correspond to values below detection level. Antigens were ne~,er detected in heart, placenta and foetuses. Organs which contained t~iitigeri in only some age groups are not shown; the corresponding antigen values are given in th~ text, t One animal of this group was tumour-bearing; mammary glands and tumour were processed separately (see Table 4 ).
Detection of p28 and gP47 in organs and serum by immunoassay
Breeder females were all tumour-bearing. § ND, Not done.
Organs with low levels of antigen
In heart and lungs the antigens were never detected, except for fairly large amounts of both antigens found in lungs from tumour-bearing females (46"8 ng pz8/mg protein and I6"5 ng gP47/mg protein). Brain was negative in most instances, except for p28 (2"4 ng/mg protein) and gP47 (0"4 ng/mg protein) detected late in lactation. In old females, in which virus antigen expression was the strongest, some positive results were obtained in brain (0" 5 ng gP47/mg protein), in kidneys (o-2 to 0.8 ng gp47/mg protein) and in liver (Table 2a) . More interestingly, liver contained small amounts of p28 in suckling animals ( 
Digestive system
Anterior salivary glands obtained from adult mice expressed both antigens, sometimes in quantities as great as in lactating and tumour-bearing females.
All through the suckling age, antigen gP47 was found mainly in the upper part of the digestive tract where antigen p28 was not present in significant amounts. Antigen gP47 disappeared at weaning. In adult and old males, low levels of gP47 and p28 were detected. In adult females, small but significant amounts of antigen gP47 were found, the larger ones in the lower part of the tract. Antigen p28 was also present at this level and .remained significantly detectable in the colon late in lactation. In old females, both antigens were detected.
Lymphoid tissue
Lymphoid tissues, especially lymph nodes (pool of mesenteric, sub-maxillary and periaortic nodes), were the only organs displaying virus antigens throughout the mouse's life. Thymus, spleen and lymph nodes of young animals generally contained smaller amounts of both antigens than those of older animals. Although only very small amounts of bone marrow were available, one result was significant (gP47:7 ng/mg protein in bone marrow extracts from females at the I9th day of pregnancy).
Organs involved in reproduction
Testes were consistently found to be negative. In adult males both p28 and gP47 were produced in fairly large amounts in all other parts of the genital tract; this production increased with age.
In females, during the first pregnancy, antigens were absent from both placentas and foetuses. Only old virgin females expressed p28 in ovaries (3"I ng/mg protein) and uterus; this ,latter organ contained some gP47 in lactating females.
In mammary glands, both antigens were first detected in 3 month-old virgin mice. EXpression of antigens became Io-to Ioo-fold higher than in any other organ in mammary glands of 6 month-old virgin mice or in those of breeder females from the first pregnancy otlwa~ds. The level of antigen pz8 was regularly higher than that of gP47, except in tumourbearing females. The amount of both antigens increased progressively from first pregnancy tip to tumour development. ~ra Measurements on sera revealed significant concentrations of antigen p28 even in suckling 15 day-old animals, as shown in Table 3 . Both antigens were then found throughout life, with a sharp increase in tumour-bearing females; they were also clearly detected in male sera. The amounts of gP47 almost equalled those of p28. On ax;erage, mouse serum contained some 60 mg protein/ml; this must be taken into account when comparing these results with those of Tables I, 2 
Tumour, serum and blood clot of tumour-bearing mice individually considered
As shown in Table 4 , the tumours investigated contained very high amounts of both antigens. The mean values corresponded to a Io-fold increase over those obtained in active mammary glands. In these tumours, the level of expression of antigen pz8 is clearly higher than that of antigen gP47 since the mean value of pz8 concentration is twice that of gP47-Wide variations in the pz8 :gP47 ratio were, however, observed from one tumour to another. There is no correlation between either the concentrations of an antigen in serum and in tumour extract, or between the concentrations of both antigens in serum.
On: Fri, 07 Dec 2018 11:06:28 29 day-old f 9/9 5"4 (3"2-7"0) 6/9 3"5 (4"4-6"2) 3 month-old m IO/iO 7"2 (5"2-IO'O) 5/IO 3"3 (4"8-I I'5) f during Ist pregnancy toth day* 8/8 I 1.6 (8"8-I4"4) 4/8 6"3 (7"4-I7"9) 15th day 7/Iol" 3'2 (2"4-7"0) 7/IOI" 6"4 (4"I-I9"4) t9th day 8/1o 4-6 (3"4-8"o) 9/Io 6"4 (4"I-16"1) f during Ist lactation 5th day 4/4 1o'3 (8"4-12"o) 3/4 8"2 (6"2-19"2) I5th day 5/5 8'4 (3"4"i 1"2) 3/5
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6.2 (6-2-I4) 6 month-old virgin f* 9/9 lO.8 (5"2-I4"O) 7/9 I1"2 (5"8-26"7) 6 month-old m IO/1O 6-8 (4"4-8"0) 5/1o 2"9 (5"2-6"9) 6 month-old tumourbearing f lO/iO 38"8 (13"6--I IO'4) Io/Io 86"9 (37"I-222) * Tumour-bearing animal excluded.
Out of the 7 sera positive for p28, only 4 were also positive for gP47-BD, Below detection level. • p28 gP47 "p28 gP47 p28 gP47
24"8 31 '7 NI~* ND I4"4 40"3 ND ND I3-6 65"9 2"6 II'2 I8"4 37"I aD~ 1"7 26"4 122:0 131~ 0"6 27"6 67"4 i3~ 0"4 21. 
DISCUSSION
The techniques used to detect MMTV antigens in mice organs were complementary. In immunoassays, proteolytic activity of the samples would result in false-positive radioimmunoassay for gP47 (lower levels of precipitated radioactivity if labelled and sample antigens are destroyed) and in false-negative enzyme-immunoassay for p28 (if sample s. KOZMA AND OTHERS antigen is destroyed). Thus, positive data for p28 in an extract validate to some extent the positive nature ofgP47 results in the same sample (Dubucq et al. I98o) . Immunofluorescence, less sensitive in detecting dispersed antigen expression, can however reveal antigen production localized in very restricted areas of the organ section. In thymus and salivary gland sections from mice at the same physiological stage, virus antigens were detected only in some individuals. This could arise from non-expressing individuals or from organ parts devoid of antigen.
Suckling RIII mice displayed gP47 antigen along the digestive tract, the MMTV portal of entry. The p28 antigen detected in the liver from ~5 day-old mice might reflect intestinal absorption or its presence in serum. Except for the lymph nodes, all organs of weanlings were free of detectable virus antigen. It is noteworthy that the lymph nodes of all categories of young animals displayed gP47 in spite of the very low protein content of these extracts. At a stage where virus is no longer ingested, of the organs tested, the lymph nodes appeared to be the only possible source of antigen in the blood. Transient antigen production in lymph nodes would explain the relatively important quantitative variations and the lack of detection by immunofluorescence.
With the exception of the organs involved in reproduction, virus antigen expression was localized in identical organs in male and female mice. Furthermore, the amounts of antigen detected were of the same order of magnitude for organs and sera of males and virgin Nmales, indicating a similar level of infection in mice with different hormonal balance. In adult males, both virus antigens were present all along the genital tract, testes excepted. These data, together with those of Squartini & Bolis (I97I) , are in agreement with a possible extrachromosomal transmission of the virus by the Rill males (Hilgers & Bentvelzen, I978) . Moreover, production of B particles in the genital tract was reported by Rongey et al. 0975) in wild mice. In the uterus and ovaries of virgin mice, virus antigens were nearly always below detection level. The mammary gland, however, showed significant amounts of gP47 and p28 antigens even in 3 month-old virgins. B particles, not found by electron microscopy in mammary glands of 3 month-old virgin RIII, were present in 6 month-old virgin DBA (Lasfargues & Feldman, I963) . This demonstrated that it is not the first pregnancy which 'switches on' virus expression in the mammary glands.
The effect of the first pregnancy is restricted to increasing the level of antigen otherwise present in the mammary glands from adult virgin mice. This increase is correlated with the large production of virus particles in mammary glands of mice with a high tumour incidence. Such a production follows the hormonal induction that establishes appropriate secretory conditions in the epithelial cells (Lasfargues & Feldman, I963; Nandi & McGrath, I973; Hilgers & Bentvelzen, I978) . RIII pregnant mice can develop, in their mammary glands, hormone-dependent ~ plaques' which regress after parturition but which become autonomous tumours after some time (Bentvelzen & Hilgers, I98o) . The tumour which we found in one pregnant female (first pregnancy) might be of this regressive type; its antigen content was of the same order of magnitude as that of tumours from older mice.
Breeder females were characterized by a striking increase of antigen production in the mammary gland. Immunofluorescence revealed that the three antigens were expressed together in many alveoli of the mammary glands of pregnant mice, the other ones being devoid of virus antigens. Late in lactation, some alveoli present an apparently uncoordinated expression of virus antigens. The simultaneous expression of p28 and p8 could be anticipated since they were derived from the same precursor molecule (Dickson & AtterwiU, I979) . The fluorescent dots obtained for these antigens, particularly in the absence of gP47, are likely to represent inclusions of type A particles as already suggested (Kozma et al. I979a) .
Tumour-bearing females exhibit very large amounts of virus antigens in their mammary glands; these amounts might be related to a large number of parities, since the amount of virus in the milk rises with the number of parity (Bistocchi et al. 1977) , or to the presence of tumour cells. The rate of occurence of mammary tumours also depends on the parity regimen (Moore & Holben, 1979) . Most of the tumour cells contained virus antigens, but some remained unstained, as already described for sections stained with anti-MMTV serum (St George et al. 1979) . This could be due either to absence of virus genome expression or to heterogeneity of tumour cells, i.e. polyclonal cell origin. The amounts of antigens in sera (in ng/mg protein, roughly Iooo times less than in turnouts), are not closely related to those of corresponding tumours. However, as proposed by Ritzi et al. (I976) , they might be correlated with tumour mass, since higher values were found in one mouse bearing two tumours. Detection of antigens in lungs probably results from the presence of mammary cancer metastasis observed by Keydar et al. (I978) .
All of the salivary gland extracts tested contained significant amounts of both gP47 and p28. Salivary glands were reported to produce B particles (Rongey et al. 1975) and to express antigen gp52 (Fine et al. I978; Arthur & Fine, I979) . Immunofluorescence also detected virus antigen expression with restricted localization in this tissue. Sections showed, however, that some salivary glands which were harvested contained small pieces of mammary gland; this might explain the important discrepancy between the results of immunofluorescence and of immunoassays, obtained with this organ for female mice. In male mice, contamination of salivary glands by mammary gland is however excluded and thus the presence of antigens in the salivary gland must be accepted. Antigen expression in this organ, as well as in the male genital tract and female mammary gland, might be related to the excretory function of these organs.
The digestive tract samples displayed some antigenic reactivity in adult male and female mice, more often in the lower part of the gut. This localization of MMTV antigens, not explained for the colon, might be related to the presence of Peyer patches in the ileum. Indeed, lymphoid organs continue to express virus antigen throughout the mouse's life.
The immunofluorescent reaction illustrated the presence of p28 in thymus in contrast with the lack of staining with anti-MMTV antiserum of thymus cells of RIII mice reported by Gillette et al. (1974) .
Kidney glomeruli did not contain detectable MMTV antigen in RIII mice in agreement with the results of Slovin et al. (I977) .
Blood clots contained much lower amounts of antigens than sera; there is probably no MMTV associated with red blood cells in RIII mice (Nandi & McGrath, I973) .
The results obtained in RIII and previously in Swiss mice, show that weaning is accompanied by a near absence of detectable virus expression. This is followed by the appearance of antigens in mammary glands of all adult females, the amount of antigens being increased by pregnancy, lactation and/or ageing. In the mammary glands of RIII mice, the specific fluorescent patterns observed for each antigen were quite similar to those described in the tissue of Swiss mice (Kozma et al. I979a, b) . However, p28 sometimes appeared to be uniformly spread in the cytoplasm of the RIII mammary cells, an appearance which was almost never observed in Swiss mice. In RIII mice, fluorescent reactions were observed in more organs and concentrations of both antigens detected by immunoassays tended to be higher than in the infected Swiss mice, thus the individual features of each physiological stage were more marked. In addition, sera of RIII mice contain p28, an antigen seldom observed in Swiss mice sera, and organs of RIII mice are characterized by a higher p28 : gP47 ratio. This is striking in lactating (I 5 days of lactation) mammary glands where the p28 : gP47 ratio which was o.28 in Swiss mice became 1.72 in RIII mice. Since RIII mice have a higher antigen concentration in serum than Swiss mice, the absence of antigen in kidney glomeruli (which frequently show gP47 in the Swiss mice) can be related to a lack of accumulation at this level, e.g. lack of antigen-antibody complexes. The results obtained previously for tumour extracts and sera of Swiss mice were more heterogeneous, but the type of tumours of this strain were also histologically more heterogeneous. RIII mice, characterized by a high incidence of tumours early in life, show a wider spread of virus antigens in their bodies when compared to Swiss mice. No distinction is, however, made between expression of endogenous and exogenous MMTV in this comparison. The study of MMTV infection of RIII mice emphasized the fact that the lymphoid system plays a role in the dissemination of the infection from the gut (where it seems to remain present even in adult mice) to the mammary gland. Antigens of the serum appear in young animals as products of lymphoid system infection, their increase in tumour-bearing mice being related to shedding by tumour cells.
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